Experimental

Material
Co-salen was synthesized following the procedure of published literature (Liu et al., 1991; Liu et al., 2002) . Oxygen delignified kraft pulp of bamboo (OKP) used was prepared in our laboratory with the property as follows: kappa number 9.1, viscosity 1043 ml/g, brightness 39.5 % ISO.
Experimental methods 3.2.1 Co-salen treatment of OKP
The treatment was carried out in a 1 L stainless steel tank. Reaction tank was tempered at 90 °C for 5 h by contant-temperature water bath. Oxygen flow was directed into the tank at the pressure of 0.2 MPa. The charge of chemicals (o.d.p.), 0.03% Co-salen, 1:1 pyridine/Cosalen (molar ratio), 3% NaOH, 1.5% H 2 O 2 , was used at 5 %pulp consistency.
Bleaching of OKP with TCF sequence
OKP was bleached with the sequence of Co-salen pretreatment (Co), alkali extraction with addition of H 2 O 2 (Ep), peracetic acid (Pa) and hydrogen peroxide (P) bleaching. Control trial was also performed instead of any chemicals with distilled water at pretreatment stage.
Isolation of residual lignin in pulp, oxygen delignified and Co-salen pretreated pulp
The pulps acetone-preextracted were extracted with 0.1 M HCl in dioxane/water (82 : 18) under nitrogen positive pressure and subsequently worked up according to established procedures (Shi & He, 2003) .
Acetylation of lignin samples
Lignin samples were acetylated with pyridine-acetic anhydride solution (1 : 2, v : v) for 1 H-NMR analysis.
3.3 Analytical methods 3.3.1 Molecular weight of lignin samples Molecular weight of lignin samples were determined with Waters 515 Gel Permeation Chromatography (GPC).
Elemental analysis
Analysis of C, H, N in lignin samples was performed on Vario EL Organic Elemental Analyser. Content of O was as calculated from that of C, H, N.
FTIR analysis
Bruker Tensor 27 FT-IR Spectroscopy was used at 400-4000 cm -1 .
NMR analysis
The analytical techniques of 1 H-NMR and 31 P-NMR are employed for the determination of residual lignin structural features on Bruker DRX 500 NMR Spectroscopy.
Methoxyl content of lignin samples
Vieböck method was used for the determination of methoxyl content of lignin samples (Shi & He, 2003) .
3.5 C 9 experimental formula of lignin samples C 9 experimental formula of lignin samples was obtained based on the elemental and methoxyl analysis according to the formula C x H y O z (OCH 3 ) n provided by Vazquez et al (Vazquez et al., 1997) .
Results and discussion
4.1 Elemental and methoxyl analysis of isolated residual lignins before and after Cosalen biomimetic treatment The data are listed in Table 1 on elemental composition, methoxyl content and experimental formula of residual lignins isolated from pulps obtained during Co-salen biomimetic treatment. Content in methoxyl was reduced possibly due to the cleavage of methyl aryl ether. Molecular weight of structural uint (C 9 ) was also increased due to the increase in oxygen element content which resulted from the catalytic oxidation of aryl ring and side chain by Co-salen. Table 4 . It was found that syringyl units were significantly reduced, guaiacyl units changed little, which was in agreement with the results obtained by FTIR, and p-OH benzene ones were increased. Demethylation occured as reaction proceeding leading to the decrese of methoxyl in residual lignin. The decrease in phenolic hydroxyl may be related to the etherification. In accordance with the FTIR analysis the decrease in aliphatic hydroxyl was due to the oxidation, in which H atom of COOH, CHO present in residual lignin was found to be obviously increased based on the 1 H-NMR data (Table 4 ). In addition H atom at 5.7-6.17, 3.03-3.54 ppm was reduced, which indicated that the structures with the linkages of -O-4, -1, -5, -were partially cleaved. Table 5 . Results of 31 P-NMR analysis of isolated residual lignins before and after Co-salen biomimetic treatment
The data obtained by 31 P-NMR ( Table 5 ) also showed that aliphatic and phenolic hydroxyls present in residual lignin were reduced, and carboxyls increased after Co-salen biomimetic bleaching of oxygen delignified bamboo pulp, where the change of syringyl-type phenolics was more obvious than other functional groups as listed in Table 5 . Especially condensedtype phenolic structures were significantly degraded, which may improved the removal of residual lignin from the pulp.
FTIR analysis of resultant bleached pulp compared to the control sample
The signals at 1237, 1059, 1032, 987 cm -1 in FTIR spectra were assigned to carbonyl group present in cellulose, hemicellulose and lignin. The relative intensity of these signals were weakened compared to the control sample as shown in Table 6 , which indicated that Cosalen biomimetic pretreatment may reduced chromophores produced during the bleaching process. In addition the crystallinity of bleached pulp was also increased when oxygen delignified pulp of bamboo was pretreated by Co-salen biomimetic system.
Conclusion
During Co-salen biomimetic pretreatment of oxygen delignified bamboo pulp, ary rings were opened, the functional groups of methoxyl, phenolic and aliphatic hydroxyl reduced. Carbonyls were increased due to the oxidation of aliphatic hydroxyls. Structural units of guaiacyl and syringyl-type present in residual lignin were degraded. Structural linkages were cleaved including -O-4, -1, -5 and -. Molecular weight of residual lignin was decreased as reaction proceeding, oppositely that of C 9 -structural uint was increased due to the increase in oxygen element content according to the C 9 -experimental formulas obtained in this study. Besides the structural changes occured in residual lignin mentioned above, Cosalen biomimetic pretreatment may reduce chromophores and increase crystallinity of resultant bleached pulp of bamboo.
No. Assignment (Stenius & Vuorinen, 1999) Table 6 . Results of FTIR analysis of resultant bleached pulp when oxygen delignified bamboo pulp was treated with the sequence CoEpPaP
